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There a r e  s e v e r a l  problem aream i n  the Centaur pro!!ram t h a t  

requ ire  the use  o f  t h e  thermodynamic p r o p e r t i e s  o f  s a t u r a t e d  

oxygen a t  v e r y  l o r  temperature and preeuurss, The results o f  the 

Btudy c o n t a i n e d  i n  this report  are t h e  graphica l  and t a b u l a r  

th,raodynfimfr properties o f  maturated oxygen i n  the  temperature 

ranice from 24*B t o  174OR. 
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There are  a e v e r a l  problem areas i n  the  Centaur program which 

require the thermodynamic p r o p e r t i e s  of s a t u r a t e d  oxygen a t  l o w  

premrures and temperature .  The work documented i n  $his report  

c o n a i s t e  o f  g r o p h i c a l  a n d  tabular data  f o r  vapor preesures and 
temperatures, s p e c i f i c  w e i g h t s  and v o l u m e ,  s p e c l f i o  entropy, and 

s p e c i f i c  e n t h a l p y  f o r  ea turttted oxygen i n  the temperature range 

from 2 4 O H  t o  176OR. Figure 1 i a  a p l o t  of  the t a b u l a r  data i n  
Table 1 i n  the temperature entropy p lane .  The t a b u l a r  data i n  

Table 1 i s  p r e s e n t e d  an a function of e a t u r a t i o n  temperature i n  2"11 

increments. 

! i  . I. 
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IN i'RO1)iJCTION 

Severel p r o b l e m  areas in t h e  C e n t h u r  program r e q u i r e  k n o w l e d g e  

ni the thermodynamic p r o p e r t i e s  o f  oxygen a t  l o w  p r e s s u r e s  a n d  

t e m p e r a t u r e s .  The e x p a n e i o n  o f  liquid oxygen  ( L u n )  i c i i o  s r t r e m l y  

low back p r e s s u r e o  r e s u l t s  i n  t h e  f o r m a t i o n  o f  eolid oxygen (SOX) 

which  c o u l d  r e a t i l t  i n  ;!"gging valves, l i n e s  o r  o r i f i c e s .  The ex- 

pansion of r e s i d u a l  o x y g e n  f r o m  the e n q i n e  eyrJtern t h r o u g h  t h e  e n g i n e  

n a a z l e  A f t e r  m ~ i n  e n g i n e  shut down oc1uoe ernal l  a d d i t i o n a l  i m p u l e e s  

t o  t h e  v e h i c l e   yete ern. T h e s e  t y p e n  of problems r e q u i r e  t h e  m e  of  

the  t he rmodynamic  p r o p e r t i e s  o f  aat i irated oxygen  a t  low p r e e s u r e  

I - .-\ 

URing e x p e r i m e n t a l  data c o n t a i n e d  i n  R c f e r e n a e s  ( l ) ,  ( 2 )  a n d  
0 ( 3 )  a n d  R t a n d a r d  the rmodynamic  e q u a t i o n 9  t h e  f o l l o w i n g  s a t u r a t e d  

p r o p e r t i e a  were d e t e r m i n e d  f o r  t h e  t e m p e r a t u r e  range f r o m  24"R t o  

174"R, 

(a) Pressure 

(b) Specifio w e i c h t  of liquid a n d  s o l i d  

(c) S p e c i f i c  volume o f  gag 

( d )  S p e c i f i c  e n t r o p y  o f  l i q u i d  a n d  ea8 

( e )  Specific e n t t r a l p y  of l i q u i d  and gas 
# 

The r e s u l t s  o f  t ! : is  work a r e  % h o r n  in t a b u l a r  form i n  T a b l e  1 

ani! i n  crtlphiaarl forms i n  the t e m p e r a t u r e  entropy p l a n e  i n  F i g u r e  I, 
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The basic equat ion  f o r  t h e  r e l n t i o n a h i p  between t enperaturz ,  

preaeiire,  ~ p e c i f i a  volnraa, and e n t r o p y  uned i I i  c a l c u l a t i n g  t h e  

?hsgaodynanFc p r O n a r t b P S  i a  

where T II A b s o l u t e  temperature - ORankine 
6 C. S p e c i f i c  entropy - Eltu/lb-OR 

Cp .I S p e c i f i c  h e a t  - ntu/lb-OR 

v = S p e c i f i c  volume - it ' / lb.  

p = A b e o l u t e  presslire - l b s / f t  

J P Mechanical egaivalent of heat - 778.26 it-lbe/Btu 

2 

The ea tura ti ou tanpera ture-preeeure re 1 i\ tione!: i p  g ivea i n  

! lo ierence  1 i o  

where 

InP I Logarithm o f  P t.0 the baee e 

P - Saturation Presstire - Ibe/ft2 a h a .  

T = Abso lute  temperature - O R  

The  r e l a t i o n  be taeon  preesure, volume, and temperature o f  

the gae i r  

PV = ZRT ( 3 )  
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